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0 Method and apparatua lor eleolrophotographio printing. 



0 In a conventional electrophotographic printing 
machine, a cleaning device whith has been used to 
remove raaiduai toner Is eliminated by using a tonar 
and a carrier each having a spherical configuration 
so as to cause a cleaning oparatlon and a develop- 
ing operation to proceed simultaneously at the de« 
vatopjng unit With thia printing machine not only the 
construction of the machine can be simplified but 
also an axtremefy fine toner can be efficiently used. 
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METHOD AND APPARAm FOR ELECmOPHOTOQRAPHIC PRINTWQ 



BACKGROUND OF THE INVENTION 

This irwention relates to a rrwthod and appara- 
tus for electrophotographic prirrtlnfl. more parflcu- 
Iwly an ©lectrophotograpWc printing not wqulring 

use of a cleaning device. 

In a prior art electrophotographle copying ma- 
chine K was essential to use a cleaning device that 
cleans or wipes off a toner remelnlng on *e ef- 
face of a photocondudlve member dter tranefer 
prtnttng a toner image. Cleaning cJ th9 remaining 
or residual toner had en Importance of higher than 
20% of the entire etep of an electrophotographic 
printing machine. Prior art cleaning devices Include 
use of a bmah or a blade and a so-ca led two 
revolution device 1ft whioh the polarity of a bias 
voltage applied to a developing device is reversed 
at en Interval of two revolutlone for eHecttng dearv- 
ing. It has long been desired to •R««'MV"^ 
oleenlng device and method so as to simplify the 
construction and operation of the electrophotog- 
raphic printing machine, but no effective method 
and device have been availabcle. 

Although Japanese i^id Open Patent Speci- 
fication No. 133179/1988 discloses an elec- 
trophotographic printing machine not using a clean- 
ing device, this Laid Open Patent Spedfica^on 
does not teach the subject matter recited In the 
appending claims. 

SUMMARY OF THS INVENTION 



latent Image on the surface of the photosensitive 
member, a developing unit for developing a latent 
image by utBIJino a dry type toner arid a diy type 
carrier, a transfer printing unit for tranafar prinHns ft 
B developed latent Image onto a copying sheet, and 
a light projecting unit for projecting light onto the 
eurtaoe of the photoconductlve member to erase 
hysteresis ftewof, a charge polarity of the loner 
being the same as that Of the charging unit, chaf- 
,e aderUed in that the method comprises the step of 
using a toner and a canrier bcth having spherical 
configurations so as to cause a developing opera- 
tion and a cleaning operation to proceed simulta- 
neoualy at the developing unK. 
IS According to another aspect of this InvenBon 
there is piwided an eleotrophotographic prinflng 
machine comprising a photosensithfO member, a 
charging unit for charging the surface of the pho- 
tosensitive member, a light image projecting unit 
90 tor forming a latent image on the surface ol flie 
photosensitive member, a developing unit for de- 
veloping the latent image by utiliaing a dry type 
toner and a dry type carrier, a transfer printing unit 
for transfer printing a developed latent Image onto 
26 a copying sheet, and a light projetaing unit for 
orolectlng fight onto the surface of the phetocon- 
ductive member for erasing hysteresis thereof, fte 
charge polarity of the toner btfng the eame as ttiat 
of the charging unit, eharacterteed in that both of 
go the toner' and the carrier have spherical configure- 
ttons so as to cause a developing operation end a 
cleaning operation proceed simultaneously at the 
developing unit. 



SB 



It is an object of thi8,invention to provide e 
novel method and apparatus for electrophotog- 
raphic printing which are not necessary to use 
deanlng device. .^^ . j» 

Another object of this Invention Is to provide a « 
novel method and apparatus for electrophotog- 
raphic printing vriierein the developing operation 
and the cleaning operation proceed simultaneously 
without using a conventional cleaning device. 

A still other object of this invention is to pro- « 
vide a novel method and apparatus for elec- 
trophotographic prinflng capable of using a toner 
having an extremely email diameter tiiat cannot be 
used satisfactory. 

According to one aspect of this invention there so 
is provided an electrostatic printing method for use 
in an eieetrophotooraphlc copying machine com- 
orlslnB a photosensitive member, a charging unit 
for charging the surface of the photosensitive 
member, a light image projecting unit for forming a 



BRIEF DESCRIPTION OF THE DRAWING 



In the accompanying drawing; 
Fig. 1 la a diagrammaBc sectional view 
showing the electrophotographic printer embodying 
the Invention; and , 

Fig. 2 Is en enlarged sectional view showing 
a transfer belt utilized In the printer rtiown In Fig, 1. 

DESCRIPTION OF THE PREFERRgP EMBOPl- 

mm 



I have Broroughly investigated the operation of 
an electrophotographic print r. more particularly 
the operation of a developing device and found tii« 
where spherical dry type toner and carrier are used 
the cleaning device at the developing device can 
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be dliminaied. 

Firstly, I have found that the printer of thie 
Invention and prior art printer are based on 
different theories. More particularly, where Se le 
used 10 prepare a photoeeneitive member of an 
electrophotographio oopytng maohinoi the eurfeco 
of the photosensitive member ie charged with a 
positive charge which la diacharged by bright por- 
tions of a projected tight Image. A powder toner 
does not adhere to such discharged portions. By 
utilizing this fact so-caiied poaitive visualbing or 
developing method has been utilized in which a 
negatively charged toner la uaed. On the other 
hand, In a printer eo-called negative developing 
method has been used by utilizing the fact that 
electric charge applied onto the ponions of the 
photosensitive member which are Irradiated with a 
light image discharges ao as to decrease the sur** 
face charge and that the toner Is caused to adhere 
to such discharged portions. 

It has not been well understood the fact that 
the performance of the toner differs greatly In these 
two methods eo tiiai these methods have not been 
used practically. 

! have noted ^e following facts. More particu- 
lariy. in the oase of a printer utilizing a positive 
type photosensitive member, the surface thereof Is 
appUed with positive charge, the charge at portions 
Of the photosensitive member Illuminated by a light 
Image Is discharged and a latent image at portions, 
the charge thereof has been discharged. Is visual- 
ized by a positively charged toner. This cycle of 
operation is repeated. In this caee, even when a 
positively charged toner Is subjected to a negative 
corona discharge during transfer printing, the toner 
would be finally charged positively. In other words, 
at tfte Hme of entering the next operating cycle, the 
remaining toner has a tendency of having the 
originally charged polarity. This fact Is Important. 

Where a positive development is effected as In 
a copying machine, at the time of entering the next 
cycle the remaining toner would be charged to a 
polarity opposite to that InherenUy applied. For ttie 
reason described above, in the next cycle a mix* 
ture of toners having opposite polarities would exist 
and the toners flocculate to form particular lumps, 
thus not only losing the inherent performance of 
the toner but also dislocating the mechanism of an 
electrostatic system. 

Another problem to be solved lies In that the 
residual toner hinders the light Image projection of 
the ne)(t operating cycle. 

It is said that tiie efficiency of transfer printing 
Is generally 70 to 80%. This low transfer printing 
efficiency can be increased by Improving the toner. 
However, even when the residual toner exists, car 
should be taken that the optical effect of the pro- 
jected light Image would not be Impaired* In a 



printer, tiie average particle diameter of tiie toner is 
smaller by on order of magnituda than the diam- 
eter of tiie projected optical dots so that even when 
a residual toner of 20 to 30% exists, 70 to 80% Of 

$ the surface of the photosensitive member would 
recehro uniform light projootion which Is suflicientiy 
large light exposure quantity. 

Actually, however, the quality of the picture 
Image Is greatiy influenced by the characteristic of 

10 ttte toner used. It is a third important feature of this 
Invention to detenmine the charaeteriatic of the 
toner. 

In the method of this invention characterized 
by not using a cleaning device, K is necessary to 

rs remove the residual toner produced at the time of 
transfer printing in the previous operating cycle, at 
the same time as the devebpment To tills end, It 
Is necessary that the surface area of ti^e develop- 
ing agent, especially a carrier, la sufflclentiy large 

20 and that the developing agent can readily roll at the 
time of development This Is Vhe second important 
feature of this invention. 

In tills invention, suitable selection of the ma* 
terial and system tiiat satisfy the conditions de- 

25 scribed above Is essential to realise tiie mettiod 
and apparatus of this invention characterized by 
not using a cleaning device. 

To reaUze the method and apparatus of this 
invention characterised by not using a cleaning 

so device, the following conditions must be satisfied. 

(1) Different from a copying machine. In a 
printer effecting negative development it is a re* 
cent tendency to eltmlnato a cleaning device,but 
mere use of prior art materials and method is not 

as sufficient 

(2) The developing device and ttie develop* 
ing agent should have smootii movement and a 
high fluidity so that cleaning and developmem can 
be performed simultaneously. 

40 (3) The toner should have as far as possible 

high efflcioncy of transfer printing and it la desir- 
able that even a residual toner may exist Its optical 
shielding effect Ie small. 

(4) A case wherein tiie toner Is charged witt) 
46 an opposite polarity should be avoided. 

Conditions (1) • (4) are an-anged In accordance 
wltti their degree of importance. 

The detail of tills invention will be described 
witii reference to tiie accompanying drawing. 

BO 

Embodiment 1 

1 have used substantially tii same printer as a 
99 commercially availabi laser beam printer employ- 
ing a Se type photos naltlve member. The diam- 
eter of a photosanaltlve drum was 80 mm and the 
process sp d was 114 mm/sec* This embodim nt 



3 



EP 0 354 310 A1 



e 



13 charactorixed In that a residual toner cleaning 
device Is not used. I have Improved the direction of 
rotation and the number of rftvoluBona of a dove!- 
opor, and the surface of a magnet roller such that 
the devetepinfl agent used adheres most smoothly 
to a developing syrfeco and that the developing 
agent can roil over the developing surface. Further* 
more, In accordance with this Invention, thp operat- 
ing timing of a transfer printing corona discharge 
device was adjusted such that while a coping 
paper le not being sent the transfer printing con^na 
discharge device would not operate. 

As a developing agent was used a carrier man- 
ufactured by Totsugensha COm Japan. The carrier 
comprised by spherical Iron powder having a mean 
particle diameter of SO u . the aurface of each 
spherical Iron powder being magnetized. 

As a toner was used a spherical toner having a 
mean particle diameter of 7 u manufactured by 
Nippon Paint Co.. Japan, the surface of each toner 
being covered by a polarlzabte high molecular 

weight subatanee. 

Other conditions were the same as the operat- 
ing conditions of a prior art printer. 

It was found ttiat even though tiie cleaning 
device waa omitted, perfect print out wKhout any 
hysteresis was continuously obtained. Whether the 
print out is effected continuously or Intermittently or 
when tiie relative humidity was varied In a range of 
from 20% to 80% or when the ambient tempera- 
ture was varied In a range of from 0 C to 30 C. 
perfect printing wHhout any hysteresis could be 
stably mads. 

The oharecleristfcs of the developing agent uti* 
llzed In ttie embodiment l la characterized by tiie 
method of manufacturing the developing agent 
With regard to the carrier, ti^e Iron powder consists 
essentially of a spherical Iron powder produced by 
a cart)on eliminating step of the Iron manufacturing 
etepa. The surface of the Iron powder is heat 
treated in a nitrogen atmosphere or covered by an 
anion ro$in. The Iron powder is characterized In 
that each powder has a substantially perfect spheri- 
cal configuration and that the Iron powder consists 
of nearly 100% Iron. Of course, the surface of each 
powder should be extremely smooth, The toner is 
aJao spherical. Each toner comprises a spherical 
core obtained by polymerizing an organic sub- 
stance containing a coloring agent, and Uniformly 
covered by a cation resin of a small quantity. 

The fact that boft easier and toner are spheri- 
cal enables tiie developing agent to exhibit e)e* 
tremeiy uniform characteristics as well as an x- 
tremely aatlsfactory fluidity. Spherical configuration 
means ttie widest actual moving area. Moreover 
t?oth caffler and toner ere spherical Inrespective of 
a state of admixture of ttie toner and carrier so tiiat 
it is possible to establish a stable charged state. 



It has been said that wltit a spherical toner, 
cleaning of the residual toner la diHlcult. For exam- 
ple, as disclosed in Japanese Laid Open Patent 
Specification No. 501040/18B8 the surface of ttie 
a spherical toner Is Intentionally made Irregular fPr 
Increasing tiie cleaning efficiency. In my invention 
no auoh measure is taken. More partlculariy, tiie 
toner can be charged uniformly and the particle 
diameter of the toner is substantially uniform: for 
TO example 7 u ± 1 li. Suhatantially 100% of ttie 
surface of each toner particle Is covered by a 
cation resin. The surface of the canler is riso 
homogeneous and- smootti. The reason tiiat ti^e 
characteristics of tiie toner were oarefuiiy selected 
f9 lies In ttiat ttiero Is no toner charged to ttie op- 
posite polarity* Should toner particles charged to 
the opposite polarity present, ttie toner would aoou- 
mulate using ttie toner particles as nuclei, thus 
forming lumps. In a case wherein toner partiolea 
20 having extremely different dlametera are used the 
eeme disadvantageous phenomenon occursi there* 
by not only decreasing resolution but also resulting 
In a nonuniform transfer printing. If one tries to 
Improve tiie mean transfer printing efBciency, 
25 lumps described above result In poor transfer print- 
ing* The residual toner not only prevents formation 
of high quality optical Imagesi but also pravonta 
cleaning which Is effected at ttie same time ae flie 
development. . , , 

30 An unstable toner produced by crushing has 
such defects as a poor fluidity, a large particle 
diameter and a nonuniform charging caused by 
Insufficient dispersion of a charge control agent 

(CCA), _ . ^ 

as it should be understood ttiat ttie carrier is not 
limited to an iron powder used In Embodiment 1. 
For example, a ferrite type carrier can also be 
used. 

The effect of udng a spherical toner and a 

40 spherical carrier can be evaluated from anottier 
aspect Spherical carriers having a mean particle 
diameter of 30 ii or 20 u can readily be prepared. 
Also spherical toners having a mean particle diam- 
eter of 30 U or 1 u can readily be prepared 

4B because ttie spherical toners are manufactured by 
a polymerization mettiod. In tiie metiiod of tills 
application, when an adequate charge relation 
holds between ttia canrler and toner, ttie particle 
diameter of the toner does not present any prob- 

50 lem. Accordingly, where an extremely fine toner 
having a mean particle diameter of 1 u, for exam- 
ple, Is used and where ttie carrier particle diameter 
Is selected to 20 u. corresponding to ttie small 
mean diameter of ttie toner, tiie advantage of ellml- 

S6 nating the cleaning device can be obtained. Aa a 
consequence, tiiere Is ttie advantage ttiat toners 
having an extremely small mean particle diameter, 
such as 1 JA, and which have not been able to bo 



4 



7 



EP0364 310A1 



8 



used in tho past because of the difficulty of han- 
dling! can now be used practically, to realize a 
picture Image having high rdsQlutlon. 

A$ above described, the negative polarity cor- 
ona discharge applied at the time of transfer print- 
ing has a negative effect upon the method and 
apparatus of this invention. A method and constmc- 
tlon for eliminating the negatlva effect will be dla- 
ouseed In the following embodiment 2. 



Embodiment 2 

Referring now to Rg, 1, an electropiiotographlD 
printer of this invention comprises a rotary drum 1 
made of metal and canying a photoaenaltive mem- 
bOTi a corona discharge device 2 for applying a 
positive or negative charge onto the photosensiiive 
member, means 11 for projecting an Input light 
signal 3, a developing device 4« a transfer belt 5 for 
transfenring a copying paper 7 to a transfer prinitng 
station at the contact position between rotary drum 
1 and tranafer belt 5, a corona discharge device e 
for charging the surface of transfer belt S, a devei* 
oper 8 for developing a toner image transfer print* 
ed onto ihe copying paper 7 and a light source 1 1 
for erasing hysteresis of the photosensitive mem* 
ber, all the elements described above being dis- 
posed about the periphery of the photosensitive 
drum 1 In a manner welt known In the art 

Rg. 2 shows a cross-sectional view of the 
transfer belt 5 which comprisea a lining 9 made of 
dectroconductiye mbber and a flexible insulating 
thin layer 10. The construction of embodiment 2 Is 
different from that of embodiment 1 in that a trans- 
fer printing system shown by reference numerals 
as 5 and 6 is added. 

The surface of the fiodble Insulating thin layer 
10 la charged to a polarity opposite to that of the 
toner, by the corona discharge device 8 shown in 
Rg. 1. The degree of charging is such that the 
surface potential of the Insulating thin layer 10 
would be about 200O V, for example. 

The thickness of the flexible insulating thin 
ieyer 10 Is generally of the order of fmm 20 u to 
70 u. Tho operating principle of the transfer print* 
ing system shown In Rg. 1 Is greatly different from 
the prior art transfer printing system In that accord- 
ing to this Invention the toner Is transferred to the 
copying paper from the surface of the photosen- 
sHtve member by an electric field created by the 
charge presenting on the surface of the transfer 
beltf whereas according to the prior art transfer 
printing system the corona discharge la applied to 
the rear surface of the copying paper.. More par« 
ticulariyi the tronsfsr printing effect by the transfer 
belt Is static so that tt)ere is no fear of Injecting an 
exoesslv charge Into the ton r caused by the 



bombardment of the corona discharge. Further* 
since the transfer belt ie constructed to be homo- 
geneous and emooih, the electric field created by 
the chflrge on the surface of the transfer belt ex- 

s tends vertically to the belt surface and has a uni- 
form Intensity at all points. As a consoquencei the 
reeidual toner remaining after the transfer printing 
can be reduced greatly. Since the decroase In the 
quantity of Injection of the charge of the opposite 

10 polarity into the toner presenting on the surface of 
the photosensitive surface is not influenced by the 
presence or absence of a copying paper* in the 
embodiment 2 the charging of the transfer belt 
surface can be effected continuously Irrespective of 

IS the feeding of copying paper without causing any 
trouble. 

Elements other than the transfer printing sys- 
tem are Identical to those used in the embodiment 
1. 

20 Embodiment 2 ehowe that it la useless to 
charge the toner presenting on the surface of the 
photosensitive member to an opposite polarity with 
reverse polarity corona discharge. Since a system 
Is required in whteh Ions at the transfer printing 

^6 member would not be directly bombarded by the 
opposite polarity corona discharge, the invention Is 
not limited to the transfer belt of the embodiment 2 
and various modified systems can also be used. 
For example, the electric field can also be appKed 

dO by a corona discharge or a roller from a relatively 
high resistance bah or from the rear surface of the 
Insulating belt In the transfer printing device. 

The performance Isolating type transfer belt 
was used in embodiment 2 because such belt 

as operates most stably. 

According to this Invention, since the cleaning 
device has been omitted, the mechanical construc- 
tion becomes simple. Accordingiy« the disposition 
of the toner accumulating at the cleaning device 

40 and tho mechanism for returning tiie accumulated 
toner to the developing device are not necessary. 
As a consequence, the percentage of returned 
toner becomes 100% so that the amount of toner 
that la used in vain is reduced to substantially zero. 

4s In the prior art machine, an element that im- 
parts a great mechanical damage to the photosen* 
sitlve member was a cleaning device so that elimi- 
nation thereof prolongs the useful life of the pho- 
tosensitive member. Further, use of the spherical 

(SO can'ier enhances this advantage. 

To make dear the subject matter of this Inven- 
tion the term electgrophotographie printer Is de« 
flnad as follows. In an electrophotographic printer* 
an electrostatic latent Image Is fonmed by projec- 

sa ting a light image onto the surface of a photosen- 
9ltlye memt»r which has Deen previously sensi- 
tized to a spacifie polarity, for example a positive 
polarity, and the electrostatic latent image la devel- 
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oped using a toner charged with a spacWc polarity, 
for example positive polarity. Of courco, theoreti- 
cally a system may b© considered In which the 
charge polarities of the photosensitive member and 
the toner are opposite. However it should be under- 
stood that the Invention of the Instant appllceflon 
excludes such a case. ^ „ ,^ 

In recent years, however, also In the field of the 
electrophotographic copyinfl machine, a method 
hae been used In which the light imago of an 
object Is electrically decomposed and thereafter 
reproduced as a copy with a printer. The definition 
of the printer defined hereinabove Includes such 
modified method. , , . 

As above described, according to this invention 
the cleaning device which has been an essential 
element in the prior art printing machine is elimi- 
nated so that a novel method and apparatus of 
electrophotogrephy can be provided wherein the 
developing operation end the cleaning operation 
can be proceeded simultaneously. In addition, it 
becomes possible to use extremely fine toner 
which was difficult to use in the prior art printer. 



Claims 

1, An electrophotographic prtnting method for 
USB in an electrophotographic copying machine 
comprising: 

a photosensitive memben 

a charging unit for charging a aurface of said 
photosensitive memben 

a light Imago projecting unit for fomiing a latent 
image on the surface of said photosensitive mem- 
ber; 

a developing unit for developing said latent Image 
by utilizing a dry type toner and a dry type carrier; 
a transfer printing unit for transfer printing a devel- 
oped latent Image onto a copying sheet; and 
a nght proiecting unit for prelecting light onto the 
surface of said photoconductlvB member to erase 
hysteresis thereof; 

a charge polarity of said toner being the same as 
that of said charging unit: 

characterized In that said method comprises the 
step of using a toner and a carrier both having 
spherical configurations so as to cause a develop- 
ing operation and a cleaning operation to proceed 
simultaneously at said developing unit. 

Z. The electrophotographic printing method ac- 
■ cording to claim 1 further comprising the step of 
adjusting an operating timing of a transfer printing 
corona discharge device such that while a copying 
sheet Is not being sent, said transfer printing cor- 
ona discharge device would not operate. 

3. An electrophotographic printing madiino 
comprising: 



a photosensitive member; 

a charging unit for charging a surface of said 

photosensitive memben 

a light Image projecting unit for forming a latent 
s image on the surface of said photosensitive mem- 
ber. 

a developing unit for developing said latent Image 
by utilizing a dry type toner, and a dry type canrlen 
a transfer printing unit for transfer prtnting a devel- 
10 oped latent Image onto a copying sheet; and 

a light projecting unit for projedlng light onto the 
surface of said photoconductlve member fbr eras- 
ing hysteresis thereof, 

a charge polarity of said toner being the same as 
76 that of said charging unit; characterized In that 
both of sdd toner and said carrier have spherical 
conflguraUons so as to cause a developing opera- 
tion and a cleaning operation to proceed simulta- 
neously at said developing unit. 
^ 4, The electrophotographic printing machine 
according to cWm 3 which further comprises s 
transfer belt extending between said transfer print- 
ing unit and said developing unit for transferring 
said copying sheet to said developing unit through 
85 said transfer printing unit and a corona discharge 
unit for applying an electrio charge to said transfer 
belt. 

5. The electrophotographic printing machine 
according to claim 4 wherein said transfer belt 

so comprises an electric Insulating layer and a back- 
ing layer made of an electroconductive elastic ma- 
terial and said electric insulating layer Is charged 
by said corona discharge device to a polarity op- 
posite to thst of said toner whereby said toner la 

35 transferred to said copying sheet from a surface of 
said photosensitive member by en electric field 
created by a Charge presenting on a surface of 
said transfer belt, 

6. The electrophotographic printing machine 
40 according to claim 4 wherein said transfer belt is 

made of a relatively high resistance. 

7. The electrophotographic printing machine 
according to citfm 4 wherein said transfer belt is 
made of an electric Insulating material, a rear sur- 

45 face of said transfer belt being charged by a cor- 
ona discharge device. 

a. The electrophotographic printing machine 

according to claim 3 wherein said spherical toner 

has a mean diameter of 1 to 7 li, 
50 8. The electrophotographic printing machine 

according to claim 3 wherein said spherical carrier 

has a mean diameter of 1 to 50 

10. The electrophotographic printing machine 

according to claim 3 wherein a surface of said 
59 toner is covered by a polartzable high molecular 

w Ight substance. 
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